To estimate levels and determinants of perinatal mortality, we conducted a hospital-based surveillance and case-control study, linked with a population survey, in Ahmedabad, India. The perinatal mortality rate was 79.0 per 1000, and was highest for preterm low-birth-weight babies. The case-control study of 451 stillbirths, 160 early neonatal deaths and 1465 controls showed that poor maternal nutritional status, absence of antenatal care, and complications during labour were independently associated with substantially increased risks of perinatal death. Multivariate analyses indicate that socioeconomic factors largely operate through these proximate factors and do not have an independent effect. Estimates of attributable risk derived from the prevalence of exposures in the population survey suggest that improvements in matemal nutrition and antenatal and intrapartum care could result in marked reductions of perinatal mortality.
Introduction
Perinatal mortality is high in developing countries and as infant mortality has declined, deaths during the perinatal period have become a more important public health problem (1) . The level of perinatal mortality is associated with socioeconomic development and availability of health care in the community (2, 3) . Although in developed countries numerous risk factors for perinatal death have been identified (4) , in developing countries only limited epidemiological information is available (5) (6) (7) (8) .
Perinatal mortality is particularly high in India, hospital-based estimates varying between 57 and 106 per 1000 births (9) . For 1984, the national population-based estimate of perinatal mortality was 53.8 per 1000 births, of which the stillbirth rate was only 10.4 per 1000 (10) . However, these figures are probably underestimates because of underreporting of stillbirths. In southern India a population surveillance study has reported perinatal mortality rates of 68.8 per 1000 in rural and 62.8 in urban areas (11) . Research on risk factors for perinatal mortality in India has been limited, and has not taken into account the multiple causes (12, 13) . The aim of the present study was to estimate the level of perinatal mortality, identify and quantify the risk factors, and assess the population-attributable risk for the most important of these factors in order to direct preventive interventions in the community.
Methods
In view of the difficulties in carrying out prospective studies in developing countries, where antenatal care is often inadequate and starts late in pregnancy, we used a combined approach that involved institutional surveillance and a case-control study linked to a population-based survey. The surveillance and case-control studies of levels and determinants of perinatal deaths and low birth weight were carried out in three government teaching hospitals in Ahmedabad (population, 2.5 million), a city in western India. The population-based survey was used to estimate the prevalence of risk factors in the community and to assess potential selection bias among mothers who gave birth in government hospitals.
Between July 1987 and June 1988 in the three participating hospitals there were 15893 births, of which 739 were stillbirths and 517, early neonatal deaths-defined as occurring in hospital within the first week of life, since follow-up after discharge was not feasible. Of these perinatal deaths, detailed data for the case-control study were collected on 563 stillbirths (76.2%) and 222 early neonatal deaths (42.9%). Stillbirths were identified in the delivery room and the mothers were interviewed after birth. Early neonatal deaths were much harder to locate because they frequently occurred in paediatric or neonatal wards. The mothers were likely to be discharged soon after the death of their child and hence were more often missed by interviewers. The samples of stillbirths and early neonatal deaths whose mothers were interviewed for the case-control study were representative in terms of the distributions of their birth weight and of maternal parity. However, the early neonatal deaths that were missed tended to occur during the later part of the first week of life; hence our results for early neonatal mortality mainly represent deaths that occurred during the first few days of life.
Emergency referrals and twin births (112 stillbirths and 62 early neonatal deaths) were excluded from the case-control analysis and the final samples for the case-control study consisted of 451 stillbirths and 160 early neonatal deaths. Controls were selected from babies who weighed more than 2.5 kg and had survived the first 7 days of life or until discharge from the hospital, whichever was earlier.
The controls were identified from births immediately following a perinatal death or delivery of a low-birth-weight infant. A total of 1517 mothers of control infants were interviewed, of whom 1465 were included in the study, after excluding emergency referrals and twin births.
Data on cases and controls were collected by interviewing the mothers, examining hospital records, and by carrying out anthropometric measurements of neonates on the second or third day after delivery. At the interview, information was obtained on maternal sociodemographic characteristics, past reproductive history, and behaviours, and use of health care services during the index pregnancy. Hospital records were abstracted for information on any medical conditions the mothers exhibited at the time of admission, mode of delivery, and interpartum complications, as well as the condition of the baby. Birth weight was measured to the nearest 50 g using pan-type spring scales. Gestational age was estimated from the date of the last menstrual period and by Cappuro's method, a modification of the Dubowitz scoring system, which uses only five somatic and two neurological parameters (14) . All data were collected by physicians who were specially trained for the study.
The population-based survey covered 1102 women who had delivered in the previous year. A total of 71 of 4000 urban blocks covering Ahmedabad city were randomly selected from a sampling frame provided by the National Sample Survey Organization, and all eligible mothers in the selected blocks were included. A total of 92.3% of the women sampled were interviewed in their homes by trained physicians using a questionnaire similar to that administered to the case-control study mothers.
From the case-control study data, we estimated crude odds ratios and 95% confidence intervals (CI) for stillbirths and early neonatal deaths (15) , and, for selected variables, x2 tests for trend (16 (18) was calculated for the most important factors, based on the adjusted odds ratios determined in the case-control study and the prevalence of risk factors among survey mothers who had delivered in government institutions. For factors that could not be recorded in the population survey, e.g., blood pressure upon admission to hospital, data for the hospital controls were used to estimate attributable risk.
Results
The perinatal mortality rate in the study hospitals was 79.0 per 1000 births, the contribution to this from stillbirths being 46.4 per 1000 and from early neonatal deaths, 34.1 per 1000. The perinatal mortality, by birth weight and length of gestation, is shown in Fig. 1 . As expected, perinatal mortality was very high among low-birth-weight preterm infants, and decreased exponentially with increasing birth weight and gestational period. Compared with full-term, normal-birth-weight infants, the relative risk (RR) of perinatal mortality was very high for preterm low-birth-weight babies (RR = 21.2, 95% CI = 17.8-25.2), but only moderately increased for full-term low-birth-weight babies (RR = 2.6, 95% CI = 2.1-3.2). Among stillbirths, 29% exhibited fetal heart sounds at the time their mothers were admitted for delivery, which suggests that these fetuses died during labour.
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Discussion
The perinatal mortality rate of 79 per 1000 births is high, but not dissimilar to that reported in other Indian hospital-based studies (9) . Although this may in part reflect the self-selection or referral of high-risk mothers to the study hospitals it is comparable to some population-based estimates (11) . Perinatal mortality decreased exponentially with birth weight (Fig. 1) -a pattern similar to that observed in other countries (7, 19) . The high relative risks for preterm and term low-birth-weight suggest that these are important determinants of perinatal mortality.
Analysis of the crude odds ratios showed that many factors were associated with an increased risk of perinatal mortality (Table 1) . Since most of these factors are interrelated, a multivariate analysis was used to assess the independent effect of each variable ( Table 2 ). All the socioeconomic variables became insignificant after being adjusted for other D.V. Mavalankar et al. (78.7-1180) a The following variables were also included in the logistic regression models for stillbirth and early neonatal death: maternal education, caste, place of residence, toilet facilities, parity, interpregnancy interval, use of iron supplements, change in diet, presence of fetal membranes on admission, and sex of infant. For stillbirth the model also included referral, maternal occupation, and use of tobacco, while that for early neonatal death also included husband's occupation. None of these was significant. b Figures in parentheses are 95% confidence intervals. c The prevalence of exposure was derived from hospital controls since this variable was not included in the population survey.
variables that more directly measure maternal health status or conditions during the pregnancy and delivery. Thus, the effect of socioeconomic variables is probably mediated through other more proximate maternal biological, antenatal, and intrapartum factors, and in the study population, socioeconomic status appears not to have had significant independent effects on the risk of perinatal mortality. This is important because changes in socioeconomic status are generally not within the scope of the health sector, while modification of proximate factors, such as antenatal care or nutritional status, may be possible through health interventions. In the study the effects of socioeconomic status were perhaps partly diminished because the cases and controls were chosen only from public hospitals that cater mainly for the poor and lower middle class.
Low maternal weight and anaemia were associated with increased risk of both stillbirth and early neonatal death, and a study in Brazil has also reported increased risk of stillbirth and early neonatal death associated with low maternal weight (7, 8) . Maternal weight was used as a measure of nutritional status rather than more complex measures of weight and height, because it is routinely recorded, easy to understand, and potentially modifiable. Separate measurements of pre-pregnancy weight and weight gain would have been desirable, but because the study was retrospective it was not possible to obtain such data reliably. In the study population, postpartum weight was a reasonable surrogate for pre-pregnancy weight, because for Indian women the total weight gain during pregnancy is relatively low (about 6 kg) and the net weight gain even smaller.a The substantial attributable risks associated with low maternal weight suggest that improvements in women's nutritional status may have a marked effect on perinatal mortality. Nutritional interventions should cover childhood and adolescence to achieve adequate pre-pregnancy weight and continue throughout pregnancy to ensure adequate weight gain.
Our findings of increased perinatal mortality risk associated with poor obstetric history are in accord with those of other workers (6, 20 some care, the risk increased as the number of visits decreased (Table 1) . However, the odds ratios for no antenatal care decreased substantially after adjusting for other factors (Table 2) , which suggests that the absence of such care may affect the risk of perinatal mortality by its association with other factors, such as complications during pregnancy and delivery. The association of lack of antenatal care with a high risk of perinatal mortality has been noted in previous studies (6, 7, 21) . If it is assumed that this relationship is causative, substantial improvement in perinatal mortality can occur by enhancing coverage of antenatal care.
A history of vaginal bleeding during pregnancy was also associated with a substantially increased risk of stillbirth and early neonatal death, which is consistent with the findings of earlier investigations (7, 22, 23) . Adjustment for other factors increased the odds ratio for bleeding, which suggests that its independent effect may be substantial. Since such vaginal bleeding cannot be prevented, it can only be used as a risk marker.
The association between exposure to cooking smoke during pregnancy and increased adjusted risk of stillbirth may have arisen by chance, and requires further investigation. However, it has been suggested that exposure to smoke from biomass fuels increases the level of carboxyhaemoglobin in maternal blood and may lead to deleterious effects on the fetus (24, 25) .
During pregnancy, hypertension, eclampsia, and antepartum haemorrhage are risk factors for perinatal death (4, 26) , and our results confirmed these findings. In view of the substantial attributable risk for these factors, their early detection and proper management may prevent many perinatal deaths.
The type of delivery was also an important predictor of risk of perinatal mortality. High risks (odds ratio = [17] [18] [19] [20] [21] [22] were associated with breech delivery, which may be partly due to its association with preterm delivery. However, such high risk suggests that the management of breech delivery needs to be reviewed in the study hospitals. The higher risk associated with delivery by Caesarean section probably reflects underlying complications of pregnancy and delivery, but this needs further investigation to determine whether the risk can be reduced. A total of 29% of stillbirths died during labour, a considerably greater proportion than in developed countries (27) . This 
